ABSTRACT This experiment was conducted to evaluate the effect of diets with different energy and emulsifier (Lipidol, active ingredient: lysophospholipids; LPL) levels on growth performance, nutrient digestibility, body composition, and serum profile in broilers. A total of 864 one-day-old male Ross 308 broilers (45.3 ± 0.6 g) was used in a 28-day experiment. Broilers were allotted to a 2 × 3 factorial arrangement design with 2 levels of energy (starter: ME = 2,950 kcal/kg for energy reduced diet and 3,050 kcal/kg for basal diet; finisher: ME = 3,100 kcal/kg for energy reduced diet and 3,200 kcal/kg for basal diet) and 3 levels of emulsifier supplementation (zero, 0.05, and 0.10%) according to their initial BW. There were 8 replicate cages per treatment with 18 broilers per cage. Broilers fed basal diets had higher (P < 0.05) body weight gain (BWG, d zero to 14) and lower (P < 0.05) feed conversion ratio (FCR, d zero to 14 and d zero to 28) than those fed reduced energy diets. Broilers fed LPL supplementation diets also had higher (P < 0.05) BWG (d zero to 14) and lower (P < 0.05) FCR (d zero to 14, d 15 to 28, and d zero to 28) than those fed without LPL supplementation diets. On d 14, the apparent total tract digestibility (ATTD) of DM, nitrogen (N), and gross energy (GE) was increased (P < 0.05) by LPL supplementation. The low density lipoprotein cholesterol, total cholesterol, and triglycerides concentrations also were decreased (P < 0.05) by LPL supplementation on d 14. The relative weight of abdominal fat was higher (P < 0.05) in basal diet treatments, but lower (P < 0.05) in LPL supplementation treatments. In conclusion, LPL supplementation can increase growth performance and nutrient digestibility, decrease cholesterol and triglycerides concentration in the starter period, and decrease the abdominal fat percentage in broilers.
INTRODUCTION
The level of energy in the diet greatly influences the intake of all other nutrients. Energy intake is well documented to influence the body composition of broilers (Boekholt et al., 1994; Wiseman and Lewis, 1998) . Lipids (fat and oil) are the main energy source for animals and have the highest caloric value among all the nutrients, but there are some problems regarding lipids utilization and digestion in broilers. Lipids digestion depends on the source and type of lipids, the composition of the diets, and the age of birds. The digestion and absorption capacity of lipids in young broilers is poor because of the immature physiological functions and a low level of natural lipase production (Carew et al., 1972; Al-Marzooqi and Leeson, 1999) .
Emulsifiers promote incorporation of fatty acids into micelles and increase fat digestibility and growth performance of chicks (Polin, 1980) . Lysophospho-C 2017 Poultry Science Association Inc. Received May 24, 2016. Accepted December 9, 2016. 1 Corresponding author: inhokim@dankook.ac.kr lipids (LPL), the main components of lysolecithin, are regarded as an emulsifier that aids in the digestion and absorption of lipids. Zhang et al. (2011) reported that lysolecithin supplementation can improve apparent total tract digestibility (ATTD) of fatty acids and body weight gain of broilers in the starter period. Jansen et al. (2015) also demonstrated that lysolecithin supplementation can increase the AMEn, ATTD of DM, and crude fat. Body weight and feed conversion ratio (FCR) were reported to be increased, whereas the serum total cholesterol level was decreased by LPL supplementation in broilers (Malapure et al., 2011) . Studies about LPL in broilers are limited, and to the best of our knowledge there are no studies on to the effect of LPL in diets with reduced energy level in broilers. Wang et al. (2016) demonstrated that emulsifier (sodium stearoyl-2-lactylate) in reduced energy diets can partially improve growth performance of broilers. We hypothesized that LPL might have a beneficial effect in broilers when they were fed reduced energy diet. This study was conducted to evaluate the effect of LPL supplementation in diets with different energy levels on growth performance, nutrient digestibility, meat quality, relative organ weight, blood parameters, excreta microflora, and excreta noxious gas emission in broilers.
MATERIAL AND METHODS
The experimental protocols describing the management and care of animals were reviewed and approved by the Animal Care and Use Committee of Dankook University. The LPL was obtained from soybean lecithin using an exclusive proprietary technology developed by UK-based company PathwayIntermediates (Lipidol; EASY BIO Inc., Seoul, South Korea).
Experimental Design, Animals, and Housing
A total of 864 male Ross 308 broilers (one d old) with an average BW of 45.3 ± 0.6 g was used in a 28-day experiment. Broilers were allotted to a 2 × 3 factorial arrangement design with 2 levels of energy (starter: ME = 2,950 kcal/kg for energy reduced diet and 3,050 kcal/kg for basal diet; finisher: ME = 3,100 kcal/kg for energy reduced diet and 3,200 kcal/kg for basal diet) and 3 levels of emulsifier supplementation (zero, 0.05, and 0.10%) according to their initial BW. There were 8 replicate cages per treatment with 18 broilers per cage.
All nutrients in diets were formulated to meet or exceed the recommendation of NRC (1994) for broilers (Table 1) . Broilers were raised in a temperaturecontrolled room with stainless steel pens of identical size (1.75 × 1.55 m). Room temperature began at 33
• C for the first 3 d and was reduced gradually to 24
• C until the end of the experiment and the relative humidity was around 60%. Broilers received diets and water ad libitum.
Experimental Procedures and Sampling
The broilers were weighed by pen and feed intake was recorded on d zero, 14, and 28, which was then used to calculate body weight gain (BWG), feed intake (FI), and FCR. From d 22 to 28, broilers were fed diets mixed with chromic oxide (0.2%) as an indigestible marker to determine the ATTD for DM and nitrogen (N) (Fenton and Fenton, 1979) . On d 14 and 28, all plates under each cage were cleaned, and excreta samples were collected for 24 h, pooled within a cage, then stored frozen at −20
• C for the determination of nutrient digestibility. On d 14, 16 broilers were randomly selected from each treatment (2 birds per cage) for blood samples, which were collected from the wing vein into a sterile syringe. At the end of the experiment, the same 1 BE, basal diet (Starter: ME = 3,050 kcal/kg; Finisher: ME = 3,200 kcal/kg); RE, reduced energy diet (Starter: ME = 2,950 kcal/kg; Finisher: ME = 3,100 kcal/kg); with 0, 0.05%, and 0.10% emulsifier (Lipidol).
2 Each mean represents 8 replicates with 18 chicks/replicate (total of 864 one-day-old male Ross 308 broilers with an initial BW of 45.3 ± 0.6 g). 3 BWG, body weight gain; FI, feed intake; FCR, feed conversion ratio.
broilers were weighed individually, taken blood, and then killed by cervical dislocation. After blood collection, sample was transferred immediately into a vacuum tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) and stored at −4 • C. The gizzard, breast meat, bursa of Fabricius, liver, spleen, and abdominal fat were then removed by trained personnel. The organs were stored at −20
• C for the subsequent analyses.
Laboratory Analysis
Before chemical analysis, excreta samples were dried at 57
• C for 72 h, after which they were ground to pass through a one-mm screen. All feed and excreta samples were analyzed for DM (method 930.15, AOAC, 2007) and CP (method 990.03, AOAC, 2007) . Chromium was analyzed via UV absorption spectrophotometry (Shimadzu UV-1201, Shimadzu, Kyoto, Japan) according to the method described by Williams et al. (1962) . The gross energy (GE) was determined by measuring the heat of combustion in the samples using a Parr 6100 oxygen bomb calorimeter (Parr Instrument Co., Moline, IL). The ATTD was calculated using the following formula:
where Nf = nutrient concentration in excreta (% DM), Nd = nutrient concentration in diet (% DM), Cd = chromium concentration in diet (% DM), and Cf = chromium concentration in excreta (% DM).
Broiler organs including the gizzard, breast meat, bursa of Fabricius, liver, spleen, and abdominal fat were weighed and expressed as a percentage of body weight in the laboratory. The breast muscle Hunter lightness (L * ), redness (a * ), and yellowness (b * ) values were determined (Minolta CR410 Chromameter; Konica Minolta Sensing Inc., Osaka, Japan). Duplicate pH values for each sample were measured using a pH meter (Fisher Scientific, Pittsburgh, PA). The water-holding capacity (WHC) was measured with the methods described by Kauffman et al. (1986) . Briefly, a 0.3-g sample was pressed with 3,000 g weight for 3 min at 26
• C on a 125-mm-diameter piece of filter paper. The areas of the pressed sample and the expressed moisture were delineated and then determined using a digitizing area-line sensor (MT-10S; M.T. Precision Co. Ltd., Tokyo, Japan). The ratio of water:meat area was then calculated, giving a measure of WHC (a smaller ratio indicates increased WHC). Drip loss was measured using approximately 2 g of meat sample according to the plastic bag method described by Honikel (1998) . Samples for serum analysis were then centrifuged at 3,000 × g for 15 min, after which the serum was separated. The total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides in the serum samples were analyzed with an autoanalyzer (Automatic Biochemical Analyzer, RA-1000; Bayer Corp., Tarrytown, NY) using colorimetric methods.
Statistical Analysis
The data were analyzed as a 2 × 3 factorial arrangement using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC), with the cage as the experimental unit. The model included the main effects of the emulsifier and energy, as well as the interaction between the emulsifier and energy. Variability in the data was expressed as SEM and probability level of P < 0.05 was considered significant.
RESULTS

Growth Performance
From d zero to 14, broilers fed basal diets had higher (P < 0.05) BWG and lower (P < 0.05) FCR than those fed reduced energy diets (Table 2) . Broilers fed LPL 1 BE, basal diet (Starter: ME = 3,050 kcal/kg; Finisher: ME = 3,200 kcal/kg); RE, reduced energy diet (Starter: ME = 2,950 kcal/kg; Finisher: ME = 3,100 kcal/kg); with 0, 0.05%, and 0.10% emulsifier (Lipidol).
2 Each mean represents 8 replicates with 18 chicks/replicate (total of 864 one-day-old male Ross 308 broilers with an initial BW of 45.3 ± 0.6 g). 3 N, nitrogen; GE, gross energy. 1 BE, basal diet (Starter: ME = 3,050 kcal/kg; Finisher: ME = 3,200 kcal/kg); RE, reduced energy diet (Starter: ME = 2,950 kcal/kg; Finisher: ME = 3,100 kcal/kg); with 0, 0.05%, and 0.10% emulsifier (Lipidol).
2 Each mean represents 8 replicates with 18 chicks/replicate (total of 864 one-day-old male Ross 308 broilers with an initial BW of 45.3 ± 0.6 g).
supplemented diets also had higher (P < 0.05) BWG and lower (P < 0.05) FCR than those fed without LPL supplemented diets. From d 15 to 28, FCR was decreased (P < 0.05) by LPL supplementation. During the overall period, decreased (P < 0.05) FCR was observed in broilers fed reduced energy diets as well as LPL supplementation diets. Energy and LPL did not affect FI during the whole experiment, and there was no interaction between energy and LPL on growth performance.
Nutrient Digestibility
On d 14, the ATTD of DM, N, and GE was increased (P < 0.05) by LPL supplementation (Table 3 ). The ATTD of DM, N, and GE was not affected by energy on d 14 and 28, as well as LPL on d 28. No interaction between energy and LPL was observed on nutrient digestibility in this study.
Serum Profile
On d 14, the concentration of HDL, LDL, total cholesterol, and triglycerides was not influenced by energy (Table 4) . However, the LDL cholesterol, total cholesterol, and triglycerides concentrations were decreased (P < 0.05) by LPL supplementation. The concentration of HDL, LDL, total cholesterol, and triglycerides was not affected either by dietary energy levels or LPL on d 28. No interaction between energy and LPL was observed on serum parameters.
Meat Quality and Relative Organ Weight
The relative weight of abdominal fat was higher (P < 0.05) in basal diet treatments compared with reduced energy treatments, but lower (P < 0.05) in LPL supplemented treatments (Table 5) . Breast muscle color (lightness, redness, and yellowness), pH value, as well as the percentage of WHC, drip loss, liver, spleen, bursa of Fabricius, breast muscle, and gizzard were not affected by energy or LPL among treatments. No interaction between energy and LPL was observed on meat quality and relative organ weight in this study.
DISCUSSION
Effect of Energy
Energy plays a very important and central role in the nutrition of broilers. The beneficial effects of feeding high energy level diet in broilers have been reported (Maiorka et al., 2004) . Niu et al. also (2009) demonstrated that BWG and FI from d zero to 21 were increased by feeding high energy diets, while FCR was decreased. It is similar with our results that BWG was higher and FCR was lower in basal diet treatments compared with reduced energy diet treatments, but FI was not affected from d zero to 14. Energy supplied through diets is utilized by the animal for 2 main functions, maintenance and production. When broilers were supplied with reduced energy diet, the energy was first used for maintenance, thus the growth might be influenced. It can be used to explain the decreased BWG and increased FCR in this study. Broilers exhibit the ability to control energy intake by adjusting their feed intake as diet energy concentration changes (Leeson et al., 1996) . However, there were no differences in FI between broilers fed basal diet and reduced energy diet. Richards (2003) reported that broilers selected both for rapid weight gain and muscular mass deposition do not properly regulate voluntary FI according to energy level. It may explain the reason of FI not being influenced in the current study. Higher level of dietary ME increased abdominal fat percentage when compared with lower ME (Leeson et al., 1996; Maiorka et al., 2004; Vahdatpour et al., 2008; Niu et al., 2009 ). Zaman et al. (2008) also demonstrated that abdominal fat weight was increased with increasing dietary ME levels. Summers et al. (1992) and Nahashon et al. (2005) reported that a high energy density in diets may increase lipid accumulation in the bodies of broilers, which may cause higher abdominal fat percentage in broilers fed basal diet compared with reduced energy diet in this study.
Effect of Emulsifier
It is well documented that the physiological ability for fat utilization is poorly developed in young broilers, but greatly improved from 1.5 to 3.5 wk of age (Carew et al., 1972; Freeman, 1984; Krogdahl, 1985; Wiseman and Salvador, 1989) . Thus, many experiments focused on supplying bile salts or emulsifiers to improve the utilization of fat. The beneficial effects of dietary emulsifier addition in broilers have been reported. Cho et al. (2012) and Wang et al. (2016) reported that sodium stearoyl-2-lactylate supplementation in a low energy diet could partially improve the growth performance to counteract the negative effects caused by the decreased energy level in broilers. Zhang et al. (2011) demonstrated that lysolecithin increased BWG of broilers and tended to reduce FCR from d one to 21, which was similar to our results that LPL increased BWG from d zero to 14, and decreased FCR from d zero to 14, d 15 to 28, and d zero to 28. The improvement in growth performance may be associated with an increase of fatty acids digestibility (Zhang et al., 2011) .
Increased ATTD of fat by lecithin (Polin, 1980) and AME by lysolecithin (Zhang et al., 2011) was observed in chicks. The crude fat digestibility, the DM digestibility, and the apparent ME were higher in young broilers fed the basal diet supplemented with lysolecithin than in those fed the basal diet without supplementation (Jansen, 2015) . It is consistent with our results that LPL supplementation increased the ATTD of DM, N, GE, and crude fat on d 14 in broilers. Those beneficial effects may be explained by the emulsification property of lysolecithin. Lysolecithin, which promotes oil in water emulsion, has a higher HLB (hydrophilic/ lipophilic balance) value than lecithins, which promote water in oil emulsion. For nutrient digestion, lipids will be emulsified better with oil in water emulsion in the intestinal tract, which promotes absorption. Additionally, LPL are powerful surfactants and can improve the mixing of digesta, reduce the size of the emulsion droplet, and facilitate the enzyme access to lipids in the gastrointestinal tract. Thus, it is assumed that LPL improved absorption of lipids by their participation in micelle formation. We hypothesized that the increased ATTD of DM, N, and GE may be due to the increased ATTD of crude fat in this study. Interestingly, Jansen et al. (2015) demonstrated that lysolecithin supplementation improved DM digestibility of the basal diet with pig lard, and the improvements are highly dependent on the fat incorporated in broiler feeds. Tallow was more digestible than lard when lecithin or LPL were added (Jones et al., 1992) . However, Zhang et al. (2011) reported that no significant interaction on digestibility between fat sources (soybean oil, tallow, and poultry fat) and lysolecithin. More research needs to be conducted to evaluate the effect of lysolecithin or LPL on digestibility in broilers, which also may be related to the fat sources.
Total cholesterol concentration was lower in LPL addition treatments compared with basal diet treatments on d 42 (Malapure et al., 2011) . Huang et al. (2007) also demonstrated that soy-lecithin had cholesterol and triglycerides lowering capacity. In this study, the concentration of LDL, total cholesterol, and triglycerides was decreased by LPL supplementation on d 14. Similar results were detected by Roy et al. (2010) that LDL and total cholesterol concentration were decreased by the supplementation of an emulsifier (glycerol polyethylene glycol ricinoleate) on d 20, but no differences were observed on d 39. Wang et al. (2016) did not find differences in serum triglycerides, total cholesterol, HDL, and LDL concentrations of broilers on d 35 by sodium stearoyl-2-lactylate supplementation in low energy treatments. The results of those studies suggested that the effect of LPL on the serum profile of broilers may be more efficient in the starter period. Jones et al. (1992) declared that faster rates of absorption and metabolism of ingested fat may be the reason for lower serum triglycerides in pigs fed lecithins. The mechanism may be that the chylomicrons were either cleared from the blood at a faster rate or secreted into the blood at a slower rate. More studies need to be conducted to find out the mechanism of an emulsifier affecting serum profile.
Guerreiro Neto et al. (2011) and Cho et al. (2012) failed to observe differences in abdominal fat percentage on d 35 and 42 by 0.05% emulsifiers in broilers. However, 0.05% sodium stearoyl-2-lactylate supplemented to a reduced energy diet increased the abdominal fat percentage of broilers on d 35 (Wang et al., 2016) . Soy lecithin supplementation (0.25%) decreased carcass yield and increased abdominal fat percentage on d 40, but it improved carcass quality, as it mitigated the oxidative rancidity of the meat (Boulos et al., 2011) . On the contrary, Raju et al. (2011) demonstrated that rice bran lysolecithin (2.5 and 5%) decreased abdominal fat percentage in broilers on d 35, which is consistent with our findings that broilers fed 0.05 and 0.10% LPL supplementation diet had lower abdominal fat percentage on d 28. Furthermore, Zhang (2010) also reported that feeding broilers with 0.02, 0.035, 0.05, and 0.065% emulsifier (mixture of bile salt, phosphatidyl choline, sucrose ester, and glyceryl monostearate) decreased the abdominal fat percentage on d 42, meanwhile feeding 0.065% emulsifier supplementation diets increased the fat percentage of breast and thigh, which indicated that an emulsifier could increase the cycle of lipids in the body, improve the deposition of fat in the muscle while decreasing abdominal fat, and improve the muscle quality. The different results on abdominal fat percentage may be due to the different emulsifier and level in the diet, as well as different sampling period. Further studies should focus on the mechanism of the emulsifier on the abdominal fat percentage, intramuscular fat percentage, and liver percentage.
In conclusion, LPL supplementation increased BWG, the ATTD of DM, N, and GE, while it decreased FCR, the LDL cholesterol, total cholesterol, and triglycerides concentrations in the starter period of broilers, as well as decreased the relative abdominal fat percentage in the finisher period.
